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Foreword 

Physics is the comerstone of basie Sciences. It deals with the 
understanding of naturę and what goes around us, big and smali in this 
universe. It is the root of all Sciences. Interwined with it is chemistry which 
focuses on reactions between materials, biology which deals with living 
creatures, geology which is involved with the layers of the Earth, and 
astronomy wiiich treats celestiai objeets. But in the end, physics remains 
the mother of all Sciences and the basis for the tremendous present scientific 
and technological progress. Understanding physics means understanding 
the laws goveming this universe. Such understanding has ied to the 
current industrial development sprearheaded by the West. The Arabs 
and Moslems were once the pioneers of civilization in the world when 
they realized the importance of understanding the laws of this universe. 
We owe them the discovery of most laws of physics centuries before 
the West. The foundations of medicine, physics, chemistry, astronomy, 
mathematics and musie were ali laid by Arab and Mosiem scientists. 

In fact, understanding physics and its applications converts a poor, 
and underdeveloped society into an affluent and developed one. This 
hastakenplace in Europę, US, Japan and South East Asia.Computers, 
satełlites, cellular (mobile) phones, and TV are all byproducts of 
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physics. Genetics is currently being looked into iatensively. It is 
targeted to use genetics, atoms and lasers in the Computer of the futurę. 


It is a limitless world, enriched by imagination where sky is the limit. 

The scientific progress is a cumulative effort. This collective 
endeevor has led to where we are today. A scholar of physics must 
be acąuainted with such accumulated knowledge in a short time, so 
that he could add to it within the limited span of his life. In studying 
what others have found, we must skip details trials, and extract 
the end results and build on them. A global view is therfore, morę 
important at this stage than being drowned in minutę details that 
could be postponed to a later stage of study. 

This book is divided into 3 u ni ts. Unit 1 deals with waves, which 
are the basis of communication in the universe. (Chapter 1) deals 
with wave motion, and (chapter 2) with light. 

Unit 2 deals with fluid mechanics,: hydrostatics (chapter 3) and 
hydrodynamics (chapter 4). Unit 3 deals with heat, where (chapter 5) 
deals with gas laws 

*ovided with some links in Egyptian Knowledge Bank 
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Chapter 1 



Overview: 

Many of us enjoy watching wave$ on the surface of water pushing a fishing float or a 
boat up and down, or even making waves by throwing a pebble in a pond or still water. 
Each pebble becomes a source of disturbance in the water, spreading waves as concentric 
circles (Fig 1-1). Hence, waves are disturbances that spread and carry along energy. 



Waves are not only water waves. There are, for example, radio waves. We often hear the 
announcer say: "This is Radio Cairo on the medium wave 366.7 m\ Also, TV stations 
transmit both sound and image in the form of waves which are received by the aerial 
(antenna). Such waves are transformed into electrical signals in the receiver, where they 
are eventually converted back to sound (audio) and image (video). Also, the mobile phone 
runs on waves. Sound signals are transformed into electrical signals then into 
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electromagnetic waves spreading in space and the surrounding medium. When received by 
the mobile antenna at the receiver, electromagnetic waves are transformed back into 
electrical signals and then to sound or even to an image. 

We can see water waves but we cannot see the radio, TV or mobile waves. However, 
we can detect them. Water waves are mechanical waves, so are sound waves and waves in 
vibrating strings. But radio, TV, and mobile waves are electromagnetic waves. Among 
these electromagnetic (em) waves, there are, for example, light waves and X-rays which 
are used in radiology. Mechanical waves require a medium to propagate through, while 
(em) waves do not require a medium. They can propagate in space. 
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Go Further 


For morę knowledge about this topie you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite link gj 




Mechanical Waves 

Mechanical waves require the following 

1) a vibrating source. 

2) a disturbance transmitted from the source to the medium. 

3) a medium that carries a vibration. 

There are many forms of vibrating sources: 

1) a simple vibrating pendulum (Fig 1 - 2). 

2) a tuning fork (Fig 1-3). 

3) a vibrating stretched wire (or string) (Fig 1- 4). 

4) a plumb (bob) attached to a vibrating spring (Yoyo) (Fig 1 - 5). 
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A pendulum 



A tuning fork 
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A vibrating string 
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To study vibrations, we need to define some relevant physical ąuantities such as: 
displacement, amplitudę, complete oscillation, periodic time and frequency as follows: 

1 - Displacement (meter): is the distance of a vibrating body at any instant from its rest 
position or its eąuilibrium origin. It is a vector quantity. 













2- Amplitudę (A) (meter): is the maximum displacement of the vibrating object or the 
di stance between two points along the path of the object, where the veiocity at one point is 
maximum and zero at the other. 

3- Complete Oscillation: is the motion of a vibrating body in the interval between the 
instants of passing by one point along the path of its motion twice successively with 
motion in the same direction and same displacement, i.e., at the same phase, relative to the 
starting point of motion. 



4-Frequency (V) (Hertz or Hz): is the number of complete oscillations madę by 
a vibrating body in one second. 


5-PeriodiC Time (T) (seconds): is the time taken by a vibrating body to make one 
complete oscillation, or the time taken by the vibrating body to pass by the same point 
along the path of motion twice successively with motion in the same direction and the 
same displacement. , 
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Longitudinal Waves: 

Imagine a mass “m” on a smooth horizontal surface attached to one end of a spring 
whose other end is attached to a vertical wali. If we puli the mass in the direction of the 
spring and let it go, the mass moves around its rest position in an oscillatory motion toward 
the spring and away (Fig l-6).This is a simple harmonie motion. If we draw the curve 
that the center of gravity of the mass makes with respect to its rest position, we will obtain 
a sine wave (Fig 1-7). This is what distinguishes a simple harmonie motion from any 
other type of motion. 



rest position'j “ 





2017 -2018 



A sine wave resulting from a 
simple harmonie motion 
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A vibrating spring 










Let us now imagine a mass M m” on a smoolh horizonia] surface altached at one end to a 
spring and the other end to another long spring, whose far end is attached to a vertical wali 
(Fig i-8a). If we puli the mass “m" to the right in the direction of the spring to position 
x = A, then part of the spring to the right of M A” is compressed. This comprcssion is 
transmilted successive!y to the right. If the mass V 1 is pulled to the position x = - A, the 
spring to the right of the mass elongates leading to raiefaction. This rarefaction soon 
spreads to the right, when the mass m goes back to the rest position x = 0 again. The 
successive compressions and rarefactions form a wave motion performed by the vibrating 
particlcs of the medium (spring), which gives a simple harmonie motion. The direction of 
wave propagation is the same as the direction of the spreading of disturbance. This is 
called a longitudinal \vavc, sińce compressions and rarefactions spread along the length of 
the spring (Fig i-8b). 
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Compressions and rarefactions 
in a longitudinal wave 



Avibrating spring forms 
a longitudinal wave 
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Thus, a vibrating source making a simple hannonic motion may generate a wave 
propagating at veiocity V. Each particie of the medium performs, in tura, a simple 
harmonie motion about its eąuilibrium position. An exampłe of this motion is the 
longitudinal waves of sound in air. 

Transverse Waves: 

Imagine a mass “m” attached to a vertical spring. A long horizontal taut (stretched) ropę 

is also attached to this mass at the near end, while the other (far) end of the ropę is attached 
to a vertical wali. 

When the mass “m” performs a simple hannonic motion in the vertical direetion, then 
the near end of the ropę performs the same motion. Conseąuently, the following parts of 
the ropę do the same thing successively. Then the motion transfers horizontally along the 
ropę in the form of a wave at velocity V, while the other parts of the ropę oscillate 
vertically in a simple harmonie motion about their rest positions. This wave is called a 
transverse wave (Fig l-9a). 

















Vertica! displacement as a sine wave 


You can do this experiment yourself by using a long stretched ropę. The far end is 
attached to a vertical wali while the near end is in your hand, When you move your hand up 
and down in the form of a pulse, you notę that the wave spreads in a pulse form along the 
ropę. This is known as a traveling wave (Fig 1-10). 



A puise resulting from part of a simple harmonie motion 
spreading along a stretched ropę 
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A train wave spreading in a taut (stretched) ropę due io a 
continuous simple harmonie motion at the near end 



A wave may also be continuous (called a traveling wave train) as long as the simple 
harmonie motion of the source keeps on (Fig l-i l). 

The stretched ropę may be replaced by a spring in which a longitudinal wave(Fig 1-12) 
or a transverse wave (Fig 1-13) may be generated. We conclude that as a source oscillates, 
the particles of the medium oscillate successively in the same way. The vibration transfers 
first fforn the source to the particie of the medium next to it, then into the one connected to 
it, then into the foliowing ones and so on, Thus, the vibration or disturbance forms a wave, 
sińce the wave is nothing but a disturbance (or energy) on the move along which energy is 
carried through. 



2017 -2018 
















A vibrating spring forming a 
longitudinal wave 



A vibrating spring forming a 
transverse wave 



In conclusion, we may classify mechanical waves into two types: 

1) Transverse waves 

2) Longitudinal waves 

In transverse waves, the particles of the medium oscillate about their eąuilibrium 
positions in a direction perpendicular to the direction of the propagation of the wave. 

In longitudinal waves, the particles of the medium oscillate about their eąuilibrium 
positions along the direction of the propagation of the wave, 

The work done by the oscillating source is converted to the particles of a string (or a 
stretched ropę) in the form of potential energy stored as tension in the string and kinetic 
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energy manifested in the vibration of the particles of d,rectlon ofwavepropagation 

t 

the string. i 


Referring to (Fig 1-14), the points at maxiraum 
upward displacement in the positive direction are 
called crests, while the points of maximum downward 
displacement in the negatived direction are called troughs. 

Observing any part of a vibrating string carrying a 
transverse wave, we find that it has one crest and one 
trough during one complete oscillation. 
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Frequency ((Hertz) and wavelength (/■.) (meter): ! i . 

I 

The distance between two successive crests or two 

successive troughs in a transverse wave is called 
wavelength (Fig 1-15). Similarly, the distance 

between two successive contractions (compressions) A piece of foam ftoating on the top of 

or two successive rarefactions in a longitudinal wave 

6 a wave (crest) or at bottom (trough) 

is called wavelength (Fig 1 -16). 

Thus, we may represent the wavelength by either 
of the two distances (AC) and (BD)(Fig 1-17). It is 

to be noted that the two successive pairs of points (A,C) and (B, D) move in the same 
way at the same time. We say they have the same phase, i,e. t the same displacement in 
the same direction. 


2018- 2019 


lin# 










Wavelength in atransverse wave 

Thus, the wavelength is the distance between two successive pointsof thesame phase 
(Fig l-17).Altematively, it is the distance which the wave travels during one periodic 
time (Fig 1-18). 
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Wave!ength in a longitudinal wave 

The number of waves passing by a certain point along the wave path in one second is 
called freąuency. 
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rcst posiłion 


at the end of 1/4 period 


at the end of 1/2 period 


at the end of 3/4 period 


at the end of one period 


The distance after each one fuli vibration 
compieted in one period T is the wavelength 



at limę t 




The distance which a wave moves 
in a periodic time T is the wavelength 
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Atrain of waves at velcity V generated by a vibrator 


The reiation between frequency,wavelength and velocity of propagation: 

If a wave travełs at velocity *V\ a distance equal to the wavelength “X ", then the wave 
takes time equal to the periodic time “T” to travel this distance. 

X 

v = — 

T 



V 


v = XV 


This is a generał reiation for all types of waves. 

In aH cases, within a periodic time “T” a wave travels a wavelength. 

Frequency is the number of oscillations in one second or the number of wavelengths 
traveled by a wave propagating in a certain direction in one second. 
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Examples:* 

1) If the wavelength of a sound wave produced by a train is 0.6 m and the freąuency is 
550 Hz,what is the velocity of sound in air? 

Solution:- 

v = X V 

v = 0.6 x 550 = 330 m/s 

2) If the number of waves passing by a certain point in one second is 12 ości 1 lations and 
the wavelength is 0.1 m, calculate the speed of propagation. 

Solution:- 

v = A, V 


v= 12X0.1 = 1.2 m/s 

3) Light waves propagate in space at speed 300 OOOkm/s (3xl0 8 m/s), and the wavelength 
of light is 5000 A*. What is the frequency of this light ? 

1 Angstrom(A u )=10 10 m 

Solution:* 

c = v = 3 x l(f m/s 
X = 5 x 10\x 10' l0 = 5xl0'"m 
c= X V 




3 x I0 8 = 5x 10' 7 x V 


V= 3x10 =6x I0 14 Hz 
5 x 10' 7 
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In a Nutshell 

. A wave is a disturbance which spreads and carries energy along. 

• Displacement is the distance of an object at any instant from its rest(equilibrium) position. 

• The amplitudę of oscillation “A” is the maximum displacement of an oscillating object 
from its rest position, or the distance between two points along the path of the oscillating 
object where the velocity at one point is maximum and at the other is nil. 

• A complete oscillation is the movement of a continuously vibrating body (e.g. a simple 
pendulum) is the interval between the instants of time as it passes by a certain point 
along its path twice successively with motion in the same direction. 

• Frequency “v” is the number of complete oscillations produced by a vibrating object in 
one second and is equal to the inverse of the periodic time. 

Frequency = „ . . 

Periodic limę 



It is also the number of waves passing by a certain point along the path of a wave in one 
second. 

. Periodic time “T” is the time taken by a continuously vibrating body to perform one 
complete oscillation, or the time taken by a continuously vibrating body ( e.g. a simple 
pendulum ) to pass by a point along its path twice successively with motion in the same 
direction. 

• Mechanical waves are either: 

1) trans verse waves. 

2) longitudinal waves. 

• Transverse waves are waves in which the partieles of a medium oscillate about their 
eąuilibrium positions in a direction perpendicular to the direction of propagation of the 
wave. 

• Longitudinal waves are waves in which the partieles of a medium oscillate about their 
equilibrium positions along the same path of propagation of the wave. 

• Trans verse waves comprise crests and troughs in succession. 
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• Longitudinal waves comprise compressions and rarefactions in succession. 

. Wavelength is the distance between two $ucces$ive points along the direction of 
propagation of the wave, where the phase is the same (same displacement and same 
direction). 

• The relation between frequency t wavelength and velocity of a wave is given by: v = l v 









Ouestions and Drills 

I) Define 

Wave - Transverse Wave - Longitudinal Wave - Wavelength 

II) Complete: 

a) Displacement is. 

b) Amplitudę of oscillation is. 

c) Complete oscillation is...... 

d) Periodic time is. 

e) Frequency is. 

III) Essay question: 

Deduce the relation between frequency, wavelength and velocity of wave propagation. 

IV) Put a tick sign (V) next to the right choice in the following: 

1) The relation between the velocity of propagation of the waves “v” in a medium , its 
frequency and wavelength is: 

a) v = b) v = v / X 

c) v = A d) there is no correct answer 

v 

2) Transverse waves are waves consisting of: 

a) Compressions and rarefactions 

b) Crests and troughs 

c) Crests and troughs, where the partieles of the medium move short distances about 
their equilibrium positions in a direction perpendicular to the direction of propagation. 

d) Compressions and rarefactions, where the partie les of the medium move short 
distances about their equilibrium positions along the direction of propagation of the 
wave. 

3) If the wavelength of a sound wave produced by an audio (sound producing) source is 
0.5 m, the frequency is 666 Hz ,then the velocity of propagation of sound in air is: 

a) 338 m / s b) 333 m / s c) 330 m / s d) 346 m / s 
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4) If the velocity of sound in air is 340 ra/s, for a sound of frequency (tonę) 255 Hz, the 
wavelength(m) is: 

a) 4/3 b) 3/4 c)2 d) 3/2 

5) Light of wavelength 6000 A (I A = lO‘ 10 m) propagates in space at velocity 300 x I0'\m/s, 
its freąuency is: 

(a) 4x10 10 Hz (b)4xlO i4 Hz 

(c)5x!0 I4 Hz (d) 5 x 10*“ Hz 

6) Two waves whose freąuencies are 256 Hz and 512 Hz propagate in a certain medium , 
the ratio between their wavelengths is 

a) 2/1 b) 1/2 c) 3/1 d) 1/3 
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Chapter 2 


Light 
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Electromagnetic Spectrę 


Light is part of an extensive rangę of waves 

called electromagnetic waves, which all travel at a constant speed in space equal to 3 x 10* m/s, 
while varying in ffeąuency. This rangę of waves is called the electromagnetic spectrum 
(Fig 2-1). It includes, for example, radio waves, infrared, visible light, ultraviolet, 

X- rays and Gamma rays. They all share common features indicated in the 
link below. 
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of the speed of light in the first medium to the speed of light in the second medium. This 
ratio is constant for these two media, and is called relative refractive index from the first 
medium to the second medium, denoted by t n 2 : 



( 2 - 1 ) 


1) The speed of light in space "c" is one of the physical constants of the universe and is 

o 

equal to 3 x 10 m/s. It is larger than the speed of light in any medium "v". The ratio 
1 = n is called the absolute refractive index for the medium and is always > 1. 


n = 


( 2 - 2 ) 


The absolute refractive indices of some materials are listed below 
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c 



2) From the relation (2-2) 


v = 


n 


Jl = 

v 2 n. 


(2-3) 


where v, is the speed of light in the first medium, v 2 is the speed of light in the second 

medium. Substituting eąuation (2-3) in (2-1), we have: 

n 2 _ sin^ 
n, sin# 


ri] sin (j) = n 2 sin 0 


(2-4) 


This is Snell’s law 

The absolute refractive index for the medium of incidence times the sine of the angle of 
incidence is equal to the absolute refractive index of the medium of refraction times the 
sine of the angle of refraction. 

3) We can use refraction in analyzing a bundle of light into its components of different 
wavelengths, sińce the absolute refractive index varies with wavelength. Therefore, white 
light may be decomposed into its components. This can be seen, for example, in soap bubbles. 
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Examples 

I) If a light ray falls on the surface of a glass slab whose refractive index is 1.5 at an angle 
30°, calculate the angle of refraction. 


Solution 


n = 


sin (|) 
sine 


. , sin 30 

sine 

sine =— =0.333 
1.5 

0 = 19° 28' 

4 i 

2) If the absolute refractive index of water is - and glass Ł . find 

3 * 2 

a) the relative refractive index from water to glass 

b) the relative rcfractive index from glass to water. 


Solution 

a) The relative refractive index from water to glass 
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b) The relative refractive index from glass to water 

4 

_ 3 

2 n !-r 

n 2 3 
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From this example. we notę: 
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Interference of light 

Thomas Young performed a well known experiment to study the interference of light, 
namely the double slit experiment (Fig 2-3). In this experiment. he uscd a monochromatic 
(single wavclcngth) light sourcc, i.e„ \ has one valuc. 

At an appropriate distance from the source. lies a screen with a rectangular slit S through 
which cylindrical waves pass toward another screen with two narrow slils S, and S>, which 
act as a double slit, and lie on the wavefront of the cylindrical wave. Therefore, waves 


c 



A schematic diagram for interference 
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reaching the double slit have the same phase, hence, are coherent (having the 
same ffequency, amplitudę and phase), Waves emanating from S } and S 2 are 
cylindrical and spread toward the observation screen C. On such a screen, 
waves coming from Sj and S 2 combine and produce an interference pattem, 4 
appearing as a sequence of bright and dark straight parallel regions, which are » 
the interference fringes (Fig 2-4). The distance between two successive = 


fringes Ay is given by; 



(2-5) 


where X is the wavelength of the monochromatic source, R is the distance 
between the double slit and the observation screen and d is the distance 
between S ( and S 2> 

Therefore, this experiment may be used to determine the wavelength for 
any monochromatic light source. 



Interference 

fringes 
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Examples 

In a double slit experimeni, ihe distance between ihe slils is 0,00015m, the distance 
bctween tlie double slit and the obscmtion screen is 0.75 m and the distance between iwo 
bright fringes is 0.003 m. Calculate the wavclength of the monochromatic light source. 


Solution 



0.003 = 


0.75 x X 


0.00015 

. _ 0.00015 x0.003 
0.75 


0.6 x 10 6 m 


IO 10 x0.6x 10 6 = 6000 A 
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When a monochromatic light falls on a circular aperture in a screen, we expect that light 
should form a circular bright spot on an observation screen, considering that light 
propagates in straight lines. But careful examination of the bright spot (called Airy’s disk), 
i.e., studying the light intensity, reveals the existence of bright and dark fringes (Fig 2-5). 



Diffraction In a circular aperture 

(Fig 2-6) demonstrates diffraction ffom a rectangular slit, while In generał, diffraction 
is evident when thewavelength of the wave is comparable to the dimensions of 
the aperture, and vice versa In fact, there is no big difference between the mechanisms 
of interference and diffraction. In both cases, combination (superposition) of waves 
isinvolved . 

T Go Further - 

For morę knowledge about this topie you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite link 




light ray 




Diffraction from a rectangular aperture 



Distribution of light intensity on a screen with the 
successlon of fringes resulting from diffraction 
from a rectangular aperture 
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From above, we conclude that light 

1) propagates in straight lines. 

2) reflects according to the laws of reflection. 

3) refracts according to the laws of refracdon. 

4) light interferes, and as a result, light intensity increases in certain positions (bright 
fringes)and diminishes to zero in other positions (dark fringes). 

5) light diffracts if obstructed by an obstacle. 

These are the same generał properties of waves. Hence, light is a wave motion 




When a light ray travels from an optically dense medium (as water or glass) to a less 
dense medium (as air), then the refracted ray deviates away from the normal (Fig 2-7). As 
the angle of incidence increases in the morę dense medium (of high absolute refractive 
index), the refraction angle in the less dense medium (of Iow absolute refractive index) 
increases. 






Cd) 



Incidence of light from a morę optically dense medium to a less optically dense medium 

A point is reached when the angle of incidence in the morę dense medium approaches 
a critical value <f> c when the angle of refraction in the less dense medium reaches its 
maximum, which is 90°. Then,the refracted ray becomes tangent to the surface. 
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We cali this a grazlng ray. and this angle of incidence is called the critical angle. which is 
the angle of incidence in ihe dense medium, which corresponds to an angle of refraction in 
the less dense medium equal to 90’. 

n, sin 4> c = n 2 sin 90* 



(2-6) 


where n, is the refractive index of the morę dense medium and n 2 is the refractive index 
of the less dense medium. In the case when the less dense medium is air n 0 = 1, 

Thus, we can calculate the refractive index of a medium by knowing its critical angle. 


n,sin0 f =l 


sin$ e 


(2-7) 


If the angle of incidence in the morę dense medium exceeds the critical angle. then the 
light ray does not transmit through to the less dense medium, bur undergoes total reflection 
in the same medium, unlike the case when the angle of incidence is less than the critical 
angle, where part of the rays is reflected and part is transmitted (Fig 2-7). (neglecting 
absorption) 


Examples: 

ł) If the refractive index of glass and water are 1.6 and 1.33. respcclively, calculate the 
critical angle for each 

Solution 

a) In the case of glass, n = * 

' Sin <ł c 

Sin $, = — = — = 0.625 
' n, 1.6 
0 =38’4i* 
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b) In the case of water 


sini = —= — = 0.7518 
n, 1.33 


(f> c = 48' 45' 

2}Using the information in the example above, find the critical angle for iight fading 
from glass onto water 

Solution 

Using Snęli' s law, 

n,,sin 90* = n ( sin 0, 

1.33x1 = 1.6 sin 0 

sin $ = 1x133 = 0.8313 
1.6 

/. <}> c =56' 14' 



I. Fiberoptics (Optical Fibers) 

(Fig 2-8). shows an optical fiber. It is a 
thread-like tubę of transparent materiał. When light 
falls at one end, while the angle of incidence is 
greater than the critical angle, it undergoes 
successive multiple reflections until it emerges from 
the other end (Fig 2-9). (Fig 2 - 10 ) shows a bundle 
of fibers which can be bent while containing light 
so that light can be madę to travel in non straight 
lines to paits hard to reach otherwise, 

Fibers can be used to transmit light without 
much losses, and are widely used nowadays. 



Optical fibers contain the 
rays despite bending 


Ray 2 



Optical fibers 
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Optical 

fiber 


emerging light 



They are used in medical examinations, e.g., endoscopes (Fig 2-1 l).which are used in 
diagnosis as well as in operative surgery with a laser beara Lasers are also used in 
Communications, as light can be madę to cany millions of electrical signals in 
fiberoptic cables, 



Endoscopes 
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Howan opticałfiber works 

If we have a hollow tubę and look through it to see a bright object on the other end, then 
the object is easily seen. If the tubę is bent, then the object cannot be seen. Yet, we may be 
able to see it. if we use reflecting mirrors in the path of rays. Similarly. by using optical 
fibers. while the ray is incident ai an angle greater than the critical angle, then midtiple 
reflećtions take place, until the ray emerges from the other end. despite the bending of the 
fibers. 

II. The reflecting prism 

The critical angle between glass (refractive index 1.5) and air is 42°. Therefore, a glass 
prism whose angles are 90°, 45°, 45° is used to change the path of the rays by 90° or 180°. 
Such a prism may be used in optical instruments, as periscopes in submarines and 
binoculars in the field (Fig 2-12). 
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light patb by 90“ A reHecting prism 


Prisms are better for this purpose than reflecting surfaces, first, because light totally 
reflects from such a prism, while it is seldom to find a metallic reflecting surface whose 
efficiency is 100%. Secondly, a metallic surface eventually loses its luster,and hence its 
ability to reflect decreases. This does not happen in a prism. The surface at which light 
rays fali on a prism or the surface from which the rays emerge may be coated with non - 
reflective layer of materiał like cryołite (Aluminum fluoride and magnesium fluoride) 
whose refractive index is less than that of glass, to avoid any reflection losses on the 
prism, even little as they are. 


This is a familiar phenomenon observable on hot days, as paved roads appear as if wet 
(Fig 2-13a). Also, an image of the sky is madę on desert plains, where palm trees or hills 
appear inverted giving the illusion of water (Fig 2 - 1 3b). 



Paved roads appear as if wet 




Reflection of the sky in the desert 
gives the illusion of water 
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This can be explained as follows. On very hot days, the air layers adjacent to the surface 
of the Earth are heated, their density decreases. Hence, their refractive index becomes 
smaller than that of the upper layer. If we follow a light ray reflected off a palm tree, this 
ray is traveling ffom an upper layer to one below. Therefore.if reffacts away from the 
normal, and keeps deviating taking a curved path. When its angle of incidence reaches 
morę than the critical angle, it undergoes total reflection and the curve goes up. To the eye 
of the observer, the ray appears as if coming from under the surface of the Earth. The 
observer thinks that there is a pond. 



When a light ray such as" a b" falls on the surface xy of atriangular prism, it refracts in the prism 
taking the path" bc", until it falls on the surface xz and emerges in the direction "cd" (Fig 
2-14). We notkę from the figurę that the light ray in the prism reffacts twice. As a result, 
the ray deviates from its original path by an angle of deviation ot. 

The angle of deviation a is the angle subtended by the directions of the extension of the 
incident ray and the emerging ray. If the angle of incidence is ^ , the angle of refraction 
on the first surface is , the angle of incidence on the second surface is $ , the angle of 
emergence is 0^ and the apex angle of the prism is A, we notę from the geometry (Fig 
2-14). 
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The sum of the angles of the quadrilateral bxce is 360*. and the sum of the two angles 
b,c is 180% then angle bec is (180'*A). In the triangle bce, the sum of the angles is 180*. 
Thus. 


Thus, 


0|4fc= i 80M180*-A‘) A' 


( 2 - 8 ) 


a=(^|-0|) + (92-fe) =(^i + 02)-(0i+te) 

(2-9) 


a=fo+02*A‘ 


From this relation, we find that the deviation angle in a triangular prism depends on the 
angle of incidence fo. It can be esperimentally shown that the deviation angle decreascs 
gradualiy with increasing until it reaches a minimum known as the minimum angle of 
deviationa,(Fig 2-15). 

At this minimum 

$i=0 2 =$. 

0,=«> 2 =e t 

Then. the relations (2-8) and (2-9) become 

A=20. 


Of 


and 


w 


0 S A 



* 6 — 

• * Tń 


o o =^-A 
o«+A 


2 


The angle of deviation 
has a minimum 
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But 


n _ sin4> 0 
sin 0o 


Substituting for 4> and 0 we find that the refractive index can be determined from the 
relation 


sin 

n — 

ct 0 + A 1 
2 


sin 

A 1 

.2 



( 2 - 10 ) 


Experiment to determine the ray path through a glass prism and its 


refractive index: (Fig 2 - 1 6) 


Tools: 

An eąuilateral triangular prism (A = 60°), pins, a protractor, a ruler. 

Procedurę: 

1) Place the glass prism on a sheet of drawing paper with its surface in a vertical position 
and mark its position with a fine pencil linę. 

Place two pins such that one of them (a) is very close to one side and the other (b) is about 
10 cm from the first. The linę joining them represents 
the incident ray, Look at the other side of the prism to 
see the image of the two pins, one behind the other. 

Place two other pins c and d between the prism and 
the eye such that they appear to be in linę with the 
two pins a and b,i.e., the four pins appear to be in one 
straight line.Locate the positions of the four pins. 

2) Remove the prism and the pins, join b and c to locate the 
path of the ray (a b c d) from air to glass to air agaiti. Determination of , ight 

ray path in a prism 


incident 

ray 



emerging 

ray 
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3) Extend dc to meet extended ab .The angle between them is the angle of deviation a. 

4) Measure the angle of incidence (fi i, the angle of refraction 0 1 , the inner incidence angle 

<(> 2 ł the angle of emergence 02 and the angle of deviation (a). 

5) Repeat the previous steps several times changing the angle of incidence and tabulate 
the results. 


Angle of the 
prism A 

angle of 
incidence (f), 

angle of 
refraction 6j 

Angle of inner 
incidence ^ 

angle of 
emergence 0 2 

Angle of 

deviationa 








Find the minimum angle of deviation and the corresponding angles ty, and 6, . 
- Then obtain the refractive index from equation (2-10). 


It has been proven previously that in the case of 
minimum deviation, the refractive index may be 
determined from the relation: 

' <M-A 


sin 


n = 


sin 


'A' 

> 2 / 


where (n) is the refractive index,a 0 is minimum angle of 
deviation, and (A) is the angle of the prism. 

Since the angle of the prism is constant for a certain prism, 
so the minimum angle of deviation changes by changing the 
reffactive index. As the refractive index incieases, the 
minimum angle of deviation increases and vice versa. 



A prism disperses the 
spectrum 





2017-2018 



Unit 1: Waves Chapter 2 : Light 























Waves Chapter 2: Light 


Notę also that the refractive index (n) depends on up the wavelength l, then the 
minimum angle of deviation depends also on the wavelength. Thus, if a beam of white light 
falls on a prism set at the minimum angle of deviation, then the emerging light disperses 
into spectral colors as illustrated in(Fig 2-17).From this figurę, it is concluded that the 
violet ray has the largest deviation (maximum refractive index). The visible spectral colors 
into which the white light is dispresed are arranged by the order: red, orange, yellow, 
green, blue, indigo and violet, 

^ Go Further ] - 

For morę knowledge about this topie you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite link jg 



A thin prism is a triangular glass prism. Its apex angle is a few degrees and is in the 
position of minimum deviation: 


sin 




n = 


1 

Since: 

<VA 

and 

'A' 

i 

2 

i 


|2| 

Thus, 


sin 

Otft- A 1 
2 , 

f 

** 

1 . 



[Al A 

and 

sin 

2P2 < 


a o+ A 


sin 


are smali angles. 


« 0 +A 


(radians) 


Substituting from (2-10), we find that the refractive index of the materiał of the thin 
prism is determined by 

rJ t A 

( 2 - 11 ) 


n = 


Co+A 


-b = A(n-1) 


( 2 - 12 ) 
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When white light falls on a prism, the light disperses into its spectrum due to the 
variation of the refractive index with wavelength. 


(a) r = A (n r -D 


(«„) b = A(n b -l) 

where n r is the refractive index for red and n b for blue. 
Subtracting, 

(« 0 )b - (a 0 )r =A(n b -n r ) 


(2-13) 


The LHS represents the angular dispersion between blue and red. For yellow (middle 
between blue and red), the angle is: 


(«*) y =A(yD 


(2-14) 


where n y is the refractive index for yellow, If (a 0 ) y is the average of {a o ) r and (a ) b , then 
n y is the average of n f and n b< We define“ a as: 


Wb-«Q, _ n t ■ n, 
Wy n ( -1 


(2-14) 


where w a is the dispersive power, and is independent of the apex angle. 
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IB# nmmi 


•Laws of reflection of light: 

1) Angle of incidence - Angle of reflection 

2) The incident ray, the reflected ray, and the norma! to the reflecting surface at the 
point of incidence, a!l !ie in one piane perpendicular to the reflecting surface. 


•Light refracts between two media because of the different velocities of light in the two 
media Vj & v 2 


•Laws of refraction of light: 

1) The ratio between the sine of the angle of incidence in the first medium, to the sine 

of the angle of refraction in the second medium is constant, and is known as the 

refractive index .n, S [ n( s 

,n> = —;—— 

1 “ sine 

where § is the angle of incidence in the first medium, and 0 is the angle of refraction 
in the second medium 

2) The incident ray, the refracted ray, and the normal to the surface of separation at the 
point of incidence, all lie in one piane normal to the surface of separation. 

• The relative refractive index between two media is the ratio between the velocity of light 
in the first medium and the ve!ocity of light in the second medium v 7 



• The absolute refractive index for a medium is given by : 


c 

n = — 

V 

where c is the velocity of light in free space and v is the velocity of light in the medium. 

* Snell s law: 

njsintf) = n 2 sin0 
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• The distance between two successive similar fringes (either bright or dark) is: 



where X is the \vavelength of iight used R is the distance between the double slit 

and the screen, and d is the distance between the two slits. 

• Light is a wave motion. 

• The critical angle is the angle of incidence in the morę dense medium, corresponding to 
an angle of refraction in the less dense medium equal to 90”. 

• The absołute refractive index is equal to the reciprocal of the sine of the critical angle 
when light travels from this medium into air or vacuum. 

1 

n =- 

sin (j) c 

• Total intemal reflection takes place when the angle of incidence in the morę dense 
medium is greater than the critical angle. 

• The mirage is a phenomenon that can be explained by total intemal reflection. 

• The angle of the apex of the prism is given by: 

A = 0i + S|)2 

• The angle of deviation is given by: 

a-Oti, +0j)-A 

where is the angle of incidence 0, is the angle of emergence 

• In the case of minimum deviation: 



♦l “V *0 

e ,=V 9 o 
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• Refractive index of the prism materiał is given by: 


n = 


sin 

a () + A 1 

i 

2 

, 

sin 

|A' 




12 



where n is the refractive index, <x 0 is the minimum angle of deviation. 
• The minimum angle of deviation in a thin prism is: 


a 0 = A (n -1) 

• The angular dispersion for a thin prism is: 

( a u)b'Wr =A ( n b- n r) 

• where (ot 0 ) h is the minimum deviation angle of the blue ray, and (a (l ) r is the minimum 

deviation angle of the red ray. 

• The dispersive power: (a „ Ma 

%- - 

(a 0 )y 

w n b-n r 

*% =- 

n y -1 


where (aj is the minimum angle of deviation of the yellow light, and n y is the refractive 
index for the yellow light. 
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I) Essay ąuestions 

1) Explain why light is considered to be a wave motion, 

2) Describe an experiment to demonstrate the interference of light. 

3) Explain how mirage is formed. 

II) Define: 

a) the relative refractive index between two media. 

b) the absoiute reffaetwe index for a medium. 

c) the critical angle. 

d) the angle of deviation. 

III) Complete: 

a) The distance between two successive bright fringes is given by..., 

b) SnelTs law States that :... 

c) The angle of deviation in a thin prism is given from relation ... 

d) The dispersive power is:. 

IV) Choose the right answer: 

1) When light reflects: 

a) the angle of incidence is less than the angle of reflection. 

b) the angle of incidence is greater than the angle of reflection. 

c) the angle of incidence is eąual to the angle of reflection. 

d) there is no right answer abovę, 

2) When light refracts, the ratio ,where § is the angle of incidence and 9 is the angle 

sin 0 

of refraction is: 

a) constant for the two media, 

b) variable for the two media. 



.... 


2017 - 2018 



Waves Chapter 2 : Light 












Waves Chapter 2: Light 



c) constant, grealer than one. 

d) constant, less (han one. 

3) The ratio between the sine of Ihe angie of incidence in the first medium to the sine ot ihe 
angle of refraction in the second medium is known as: 

a) the absolutu refractive index for the first medium. 

b) the absolute refractive index for the second medium. 

c) the relative refractive index from the second medium to the first medium. 

d) the relative refractive index from the first medium to the second medium. 

4) The refractive index ^ is equa! to: 


a) 



c) n,n 2 


b) — 


d) 


sino, 

sine. 


5) The refractive index for the materiał of a prism inthe minimum deviation position is: 


a) n = 


sin cu 
sin A 


b)n = 


sin 

atrf A 


2 




Oo 


sin 

2 



c) 


sin( 


CŁi+ A 


n = 


sint-^ 


d) n = 



Cn-t- A 

i 


sin A 


6) The minimum deviation angle in a thin prism is: 
a)a 0 = n(A-l) b)a o = A(n+l) 

c)a 0 = n(A+I) d)a„=A(n-l) 
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7) The angle of incidence in a medium is 60° and the angle of refraction in the second 
medium is 30°. Then the relative refractive index from the first to the second medium is: 
a)V3 b)V2 c)i d)2 

8) An incident ray at an angle 48.5° on one of the faces of a glass rectangular błock 
(n =1.5), the angle of refraction is: 

a)20° b)30° c) 35° d) 40° 

9) In an experiment it was found that the minimum angle of deviation is 48.2° Given that 
the angle of the prism is 58.8°, the refractive index of the materiał of the prism is: 

a) 1.5 b) 1.63 c) 1.85 d) 1/1.85 

10) If the criticai angle for a medium to air is 45’, then the absolute refractive index is: 

a) 1.64 b)2 c)1.7 d)V? 

11) A thin prism has an angle of 5 S . Its refractive index is 1.6. It produces a minimum angle 
of deviation equal to: 

a) 5° b)6‘ c) 8° d)3° 

12) A ray of light falls on a thin prism at an angle of deviation 4“ and its apex angle 8Mts 
refractive index is: 

a) 1.5 b)1.4 c) 1.33 d) 1.6 
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Chapter 3 


Hydrostatics 


Overview 

Fluids are materials which can flow. They are liąuids and gases. Gases differ from 
liąuids in compressibility. Gases are compressible, while liąuids are incompressible. Thus, 
liąuids occupy a eertain volume, while gases can fili any volume they occupy, i.e., the 
volume of the Container. 

Uvl lOlly 

Density is a basie property of matter. It is the mass per unit volume (kg / m 3 ) 


(3-1) 


where V ol is the volume 



Density varies from one element to another due to: 

1) difference in atomie weights 

2) difference in interatomic or intermolecular distances or molecular spacings. 

We know that bodies of less density float over morę dense liąuids. The following table 
shows density for different materiał, 
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Materiał 

Density 

kg/m 3 

Materiał 

Density 

kg/m 3 

Solids: 


Kerosene 

820 

Aluminumt 

2700 



Brass 

8600 

Mercury 

13600 

Coper 

8890 

Glycerin 

1260 

Glass 

2600 

Water 

1000 

Gold 

19300 



Ice 

910 

Gases: 


Iron 

7900 



Lead 

11400 

Air 

1,29 

Platinum 

21400 

Ammonia 

0.76 

Steel 

7830 

Carbon dioxide 

1.96 

Suger 

1600 



Wax 

1800 

Carbon mono oxide 

1.25 



Helium 

0.18 

Liquids: 

Ethyl Alchol 

790 

Hydrogen 

0.090 

Benzene 

900 

Nitrogen 

1.25 

Blood 

1040 

Oxygen 

1.43 

Gasoline 

690 




The ratio of density of any materiał to that of water at the same temperaturę is called the 
relative density of the materiał (no units). The relative density of a materiał, is equal to: 


the density of the materiał at a certain temperaturę 
the density of water at the same temperaturę 


(3- 2) 


the mass of a certain ypłume of matter at a certain temperaturę 
the mass of the same vołume of water at the same temperaturę 


ł)Measuring density is of great importance in analysis, such as measuring the density of the 
electrolyte in a car battery. When the battery is discharged, the density of the electrolyte (dilute 
sułfuric acid) is Iow due to Chemical reaction with the lead plates and the formation of lead 
sulfate. When the battery is recharged, the sulfate is loosened ffom the lead plates and go back 
to the electrolyte, and the density increases once morę, Tbus, measuring the density indicates 
how wełl the battery is charged, 
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2) Measuring den sity is used in clinical medicine, such as measuring blood and urine 
densities. Normal blood density is 1040 kg / m 3 - 1060 kg / m 3 . High density indicates 
higher concentrations of blood cells and lower concentrations indicate anemia. 

The normal urine density is 1020 kg / m 3 . In some diseases, salts increase and cause the 
urine density to increase. 

" T, Go Further - 

For morę knowledge about this topie you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite link 

Pressure at a point is the average force which acts normal to unit area at that point. If 
force F is normal to a surface of an area A, then the affected pressure P on the surface is 



determined by the following relation: 



(3-3) 


* Since The Force measured in Newton (N) And The Area measured 
in (m 2 ), The measuring unit which the pressure is measured is (N/m 2 ) 

Learn at Leisure 

Elephanfs foot vs human foot 

Because the pressure is the force per unit area, the 
pressure due to a pointed high heel is greater than the 
pressure due to an elephant’s foot, sińce the area of the 
pointed heel is very smali (Fig 3-1). 
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Unit 2: Fluid Mechanics Chapter 3: Hydrostatics 



is 


If you push a piece of foam under water and let it go, it wid rise and float. This indicates 
that water pushes the immersed foam by an upward force. This force is due to the pressure 
difference across this piece of foam, 

At any point inside a liquid, the pressure acts in any direction. The direction of the force 
due to the pressure on any surface is norraal to that surface. The pressure on a body is the same as the pressure 
on a volume of the Iiquid that has the same shape of the body in case this body were 
removed. In other words, the liquid occupying the same size which a body would occupy is 



a) pressure inside a liquid is perpendicular 
to any surface inside the liąuid 



c) pressure on the surface of an object is equal 
to the pressure on the surface of a similar size 
of the lfquid of the same volume and shape 




PdA 


/ \ 


b) pressure is perpendicular to the surface of an 
immersed body atevery point 



d) in a certain size of a liquid there is eąuilibrfum 
between two forces: Ihe weight of the liquid and 
the pressure due to the remainder of the liąuld. 


Pressure in a liquid 


62 
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acted upon by two forces: its weight downwards and the force due to the pressure of the 
liquid around it. As the depth of the liquid increases, the pressure increases (Fig 3-3). 



Pressure increases with liquid depth 


To calculate the pressure (P), we imagine a horizontal piąte x of 
area A at depth h inside a liquid of density p (Fig 3 - 4). This piąte 
acts as the base of a column of the liquid. The force acting on the piąte 
x is the weight of the column of the liquid whose height is h and 
whose cross section is A. 

Because the liquid is incompressible, the force resulting from the 
liquid pressure must balance with the weight of the column of the 
liquid. The volume of this column is Ah and its mass AhĄ hence its 

weight F is given by: 

o 



F g = Ahpg 

where g the acceleration due to gravity. The pressure due to the 


Calculation of the pressure 
of a column of iiąuid 


liquid from under the piąte x (acting upwards) must be: 


F _ Ahpg 
P ’ A'~ 


■*.P = hpg 


(3-4) 
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Taking into consideration the fact that the free surface of the liąuid is subject to 
atmospheric pressure P a ,then the total pressure at a point inside a liąuid it depth d is given 
by: 

' ' (3-5) 


P=P a + hpg 


Practical observations show indeed that the liąuid pressure at 

a point inside it increases with increasing depth and with 
increasing density at the same depth. 

Thus, we conclude: 

1) Ali points that lie on a horizontal piane inside a liąuid has the 
same pressure. 

2) The liąuid that fills connecting vessels rise in these vessełs to 
the same height, regardless of the geometrical shape of these 
vessels nrovided that the base is in a horizontal piane 
(Fig 3-5). 

Therefore, the average sea level is constant 
for all connected seas and oceans. 

3) The base of a dam must be thicker than that 
the top to withstand the increasing pressure 
at increasing depths (Fig 3 - 6). 



Water rises to the same 
levei in connecting ve$sels 



Dams must be thicker at the base to 
withstand the pressure at increasing depths 
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Balance of liquids in a U ■ shaped tubę 

Let us take a U - shaped tubę filled with an appropriate amount of water. Let us add a 
quantity of oil in the left branch of the tubę, until the level of oil reaches level C at a height 
h o over the separating surface AD between water and oil, noting that both liąuids do not 
mix. Let the height of the water in the right branch be h w above level AD (Fig 3 - 7). 
Because the pressure at A = pressure at D 

••• P a + PoS h o = P a + AA 

where P a is the atmospheric pressure, p Q the density of oil, 
the density of water, Thus, h 0 /? 0 = h w p w or 


oii b -— 

water 

\ K 

b„_ 



TT = T“ 0 - 6 ) 


Measuring h Q and h w ,we may determine practically the 
density of oil, knowing the density of water. 

Atmospheric Pressure 


Balance of liquids 
in a U-shaped tubę 


Torcelli invented the mercury barometer to measure the atmospheric pressure. He took a 
1 m long glass tubę and filled it completely with mercury and tumed it upside down in a 
tank of mercury. He noticed that the level of mercury went down to a certain level that 
measured 0.76 m from the surface of mercury in the tank. The void above the column of 
mercury in the tubę is vacuum (neglecting mercury vapor) is called Torcelli vacuum. 





2017 - 2018 



uid Meohanics Chapter 3: Hydrostatics 











Mechanics Chapter 3: Hydrostatics 



From Fig (3- 8), the height h of the mercury column in the tubę is constant, wether the 
tubę is upright or inclined. Taking two points A, B in one horizontal piane (Fig 3 - 9), 
such that A is outside the tubę at the surface of mercury in the tank, while B is inside the 
tubę. The pressure at B = the pressure at A, Thus: 


Pa = P? h 


(3-7) 



Mercury height in a barometer is not 
affected by the tilting of the manometer 


This means that the atmospheric pressure is equivalent to the 
weight of a column of mercury whose height is 0.76 m and cross 
sectional area lm 2 at OC° at sea level. This is known as S.T.P. 
(standard temperaturę and pressure). Since the density of mercury 
at O C° is 13595 kg/m 3 and g = 9.8 m/s 2 


1 


t 

t 


Ii 


A 





P a = 1 Atm = 0.76 x 13595 x 9.81 
= 1.013 x 10 5 N/m 2 



A simple barometer 
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Learn at Leisure 


What happens to the ear at heights 

The atmospheric pressure is the 

weight of a column of air above the 

Eaith’s surface per unit area. As we go 
up, the height of this column decrcases, 
so does the pressre. At the eardmm, the 
extemal pressure must be balanced out 
by an interna! pressure. When the 
extemal pressure decreases, we feel 
tense at the eardrum. sińce the intemal 
pressure pushes ii outwards. This can be 
compensated by adjusting the amount of air in the Eustachian tubę by swallowing and 
chewing gum to reduce the pressure on the eardrum (Fig 3- 10). 

Units for measuring atmosphere pressure 

From the previous relation, it is elear that the units which the atmosphelic 
pressure is measured in international system ( S.I) is N/m 2 . 

Pressure has units N/m 2 . This is called Pascal. 

1 Pascal = N/m 2 

Thus, the atmospheric pressure P a is given by. 

P t = 1.0l3x I0 5 Pascal 

Defining (10 5 N/m ! ) as Bar = I O 5 Pascal 

P t = 1.013 Bar 

We also use Ton unit. 

I Ton= 1 mm Hg 

P a (l Atm) = 760 Ton=760 mm Hg=0.76mHg = 1.013 Bar 



Ear Model 





tkj 
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Manometer 


The manometer is a U - shaped tubę containing a proper amount of liquid of a known 


density. One end is connected to a gas reservoir. The level of the liquid in the manometer 
may rise in one branch and go down in the other. Taking two points A,B in one horizontal 


piane in the same łiquid (Fig 3 -11 a), we have the pressure at B = the pressure A 



a) when gas pressure > atmospheric 
pressure 


b)when gas pressure < atmospheric 
pressure 


Manometer 


When P- the pressure of the gas enclosed in the reservoir - is greater than P , pgh is the 
weight of a column the liquid in the firee end of the manometer above point B and is the 
difference between P and P a (Fig 3 -1 la), 

P = P a + /3gh 

In the case P < P a (Fig 3 -11 b), 


P = P a -pgh 

i.e., the level of the liquid in the free end branch is Iower than the level of the liquid in 
the end connected to the gas reservoir by a height h. In many cases, it suffices to measure 
the pressure difference, 


A P = P - P a = pgh 


(3-8) 


Knowing the liquid density p in the manometer and the height difference h between the 
liquid levels in the two branches and the acceleration due to gravity g,we can calculate AP. 
Knowing P a ,we may determine P of the gas enclosed in the reservoir. 
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Applications to Pressure 

1) Blood is a viscous liąuid pumped through a complicated network of arteries and veins 

by the muscular effect of the heart. This is called steady flow (chapter4). In the case of 
turbulent flow (chapter4), there is noise which can be detected by a stethoscope. There 
are two values for blood pressure: the systolic pressure, as blood pressure is maximum 
(normally 120 Torr). This occurs when the cardiac muscle contracts and blood is 
pushed from the left ventricle to the aorta onto the arteries. The diastolic pressure is the 
minimum blood pressure (normally 80 Torr) when the cardiac muscle relaxes. 

2) When a tire is well inflated (under high pressure) the area of contact with the road is as 
smali as possible, while an underinflated (Iow pressure) tire has large contact area. As 
the area of contact with the road increases, friction increases and conseąuently, the tire 
is heated. Air pressure in a tire can be measured by a pressure gauge (Fig 3-12). 
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Examples 

1) A solid parallelepiped (5cm x I0cmx 20cm) has density 5000kg /m 3 is placed on a 
horizontal piane. Calculate the highest and lowest pressure. (g = 10 m/s 2 ) 

Solution 

For the highest pressure it is placed on the side with the least area (5 cm x 10 cm), where 
the force is the weight. 

p = ¥ j. _ 5 x 10 x 20 x 10 6 x 5000 x10 _ N/n ^ 

A 5x10x10 4 


For the lowest pressure, it is placed on the side of the greatest area (10 cm x 20cm) 

F, 

A 


P = J = 5 x 10 x 20 k IQ ft x 5000 x 10 = 25()() N/m : 


10 x 20 x 10' 4 

2) Find the total pressure and the total force acting on the base of a tank filled with salły 
water of density 1030 kg/m-l If the cross-section of the base is 1000 cm 2 . the height of 
the water is Icm and the surface of the water is exposed to air. Take g = 10 m/s 2 and the 
atmospheric pressure = 1 Atm = 1.013 x lO^N/m 2 

Solution 

Total pressure 

P = P a + p% h 

= 1.013 x 10 s + 1030x10x1 
= (1.013 + 0.103) x 10 5 = 1.116 x 10 5 N/m 3 


Total force 


F = Px A = 1.116x 10 5 x 1000 x 10 4 
= 1.116 x 10 J N 
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3) A mercury manometer is uscd to mcasurc the prcssure of gas in a reseiwoir, The mercury 
!evel in the free end is higher than ihe mercury level in the side connected to the 
reservoir by 36 cm. What is the prcssure of the trappcd gas in: 

a) cm Hg units b) Alm units c} N/m 2 units 

Take the atmospheric presssure to be 0.76 m Hg = 1.013 x 10' N/nr 


Solution 

a) lnem Kg units 

P = 76 + 36= 112 cm Hg 

b) In Alm units 

p= Pcm.H 8 = Mł = M74Alm 

, , . 76 76 

c) In N/m- units 

P= 1.474x 1.013x 10 5 * 1.493x I0 5 N/m 2 

4) A U- shaped tubę of cross sectional area on the narrow side of 1 cm 2 and on the wide 
side 2cm : , is partially filled with water (density 1000 kg/m 1 ). A quantity of oil (density 
800 kg/m 3 ) is poured into the narrow side umil of the height of the oil column reaches 5 
cm. Calculate the height of water above the surface of separation. 

Solution 


P = P«8 h O= M h W 

Po h O = A, h . 



PA 

p 

U 


Notę: 


_ 800j^5 _4cm 
1000 


The radius of the tubę for the cross sectional area) has no effect at all on the height of 
each liquid in both branchcs of the tubę. Hencc, the liquid lcvel is not influenced by the 
shape of the tubę. 
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PascaPs principle 

Consider a glass Container (Fig 3 - 13) paitially filled with 
liquid and eąuipped with a piston at the top. The pressure at a 
point A inside the liąuid at depth h is P =P^ + hpg where P ( is 
the pressure immediately undemeath the piston, which results 
from the atmospheric pressure, as we 11 as the weight of the piston 
and the force applied on the piston. If we increase the pressure on 
the piston by an amount AP. by placing an additional weight on 
the piston. We notę that the piston does not move inside because 
the liąuid is incompressible. But the pressure underneath the 
piston must increase in tum by AP. This raises the pressure at increaseofweighTon the 
point A by AP. This make the pressure P +/Jgh + A l\ 

Pascal formulated this result as follows: 

When pressure is applied on a liąuid enelosed in a Container, the pressure is 
transmitted in fuli to all parts of the liąuid as well as to the walls of the Container, This is 
known as PascaPs principle or PascaPs rule. 


I 


piston increases the 
pressure in the liąuid 


Application to PascaPs rule; hydraulic Press 


The hydraulic press (Fig 3 - 14) consists of a smali piston whose cross sectional area is 
“a” and a large piston whose cross sectional area is ‘'A". The space between the two 
pistons is filled with an appropriate liąuid. 



a) force to the left is transmitted to 
the right 


cross sectional, 
area a 


Ar 


Iks 






Hydraulic Press 


cross sectional 

urou A 



b) a weight of 1 kg to the left generates a 
force equivalent to 100 kg to the right if the 
rato of the two cross sectional areas is 1:100 


12 
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If pressure P is exerted to the smali piston. this pressure is transmitted to the liquid and, 
subsequently, to the surface of the large piston. If the force applied to the smali piston is f 
and the force affecting the large piston is F, and because the pressure on both pistons must 
be the same at eąuilibrium at the same horizontal piane, then: 


P = 



F 

A 



(3-9) 


Froni this relation, it is elear that if force f affects a smali piston, a large force F is 
generated on the large piston. The mechanical advantage of the hydraulic press rj is given 
by: 



(3-10) 



Thus. the mechanical advantage of a hydraulic press is determined by the ratio of the 
large piston to the smali piston. Referring to Fig (3- 15), it is elear that if the smali piston 
moves down a distance y under the influence of f, then the large piston moves up a 
distance y^ under the effect of F, According to the law of conservation of energy, the work 
done in both cases must be the same (for 100% piston efficiency). 


fy = Fy 
J \ J 2 

f _ y 2 



(3-11) 


This shows that the mechanical advantage of the 
piston may altematively be expressed as the ratio y ( /y 




Mechanical advantage 



A-, ,.,. 
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Learn at Leisure 


Applications to Pascal ’s ruie 


1) The hydraulic brake in a car uses Pascal’s rule as the braking 
system uses a brake fluid. Upon pushing on the brake pedał with 
a smali force and a relativeley long stroke (distance), the 
pressure is transmitted in the master brake cylinder, hence. onto 
the liąuid and the whole hydraulic linę, then to the piston of the 
wheel cylinder outwardly, and finałly to the brake shoes and the 
brake drnm. A force of friction results, which eventually stops 
the car. This type of brakes is called drum brake (rear brake) (Fig 
3-16). in the case of the front (disk) brake (Fig 3 - 17), the force s 
resulting from the braking action press on the brake pads which 
produce friction enough to stop the wheel. It should be noted that 
the distance traveled by the brake shoes in both cases is smali because 
the force is large. 

2) In another application to PascaFs rule, a hydraulic lift uses a liquid 
to lift up cars in gas stations (Fig3- 18). 



IBK1HI 

Rear brakes 



Front brakes 



A hydraulic lift 
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3) The Caterpillar also uses Pascal’s rule (Fig 3 - 19). 

4) A diver wears a diving suit and a hel met to protect him 
from pressures at large depths. At Iow (shallow) 
depths, the diver - without the hel met - blows air in his 
sinuses to balance the external pressure {Fig 3- 20). At 
large depths, the diving suit is appropriately inflated 
with air, and the hel met protects the diver’s head from 
crushing pressures (Fig 3-21). 



A hydraulic Caterpillar 




4 


Diving at Jow depths 


Diying at large depths (500 m) 


Examples 

A hydraulic press has cross sectional area lOcm 2 which is acted on by a force of 100N. 
The large cross sectional area is 800 cm 2 . Taking g = 10m/s 2 ,calculate: 

a) the largest mass that can be lifted by the press 

b) the mechanical advantage of the press 

c) the distance traveled by the smali piston so that the large piston moves a distance of lcm 

Solution 

The force acting on the large piston: 

_L= L 

a A 

F = ]00 x 800 = 8 x10 n 
10 



4ju1aa 
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a) To calculate the largest mass that can be lifted by the large piston, 

F 8 x 10 3 8nn , 
m = - = —— = 800 kg 

g 10 

b) To calculate the mechanical advantage, 

n=- = A = M = 8 o 
f a 10 

c) To calculate the distance traveled by the smali piston, 

fyi = Fy 3 


y r 


8000 x 
100 


= 80 cm 
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!n a Nutshel! 

LDefmitions and Basic Concepts 

• The density (p) is the mass per unit volume (kg/m 3 ) 

• The pressure P at a point is the norma! force acting on a unit surface area (N/m 2 ). 

• Ali points lying in the same piane have the same pressure. 

• The atmospheric pressure is equivalent to the pressure produced by the weight of a 
mercury column of height about 0.76 m and base area Im 2 at 0°C 

• The units of atmospheric pressure are: 

a) Pascal (1 N / m 2 ). 

b) Bar (10 5 N / m 2 ). 

c) cm Hg. 

d) Torr (mm. Hg). 

• The manometer is an instrument for measuring the difference in the pressure of a gas 
inside a Container and the outer atmospheric pressure. 

• Pascal’s principle: 

The pressure applied on an enclosed liąuid is transmitted undiminished to every 
portion of the liquid and to the walls of the Container. 
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II. Basic Formulas: 

mass n m 

• Densityp = —•— p - 

volume v oi 

• Pressure P= Forcc P=^ 

arca A 

• The pressure at a point inside a liquid of density p at depth h below its free surface is 
given by: 


P=P i+ pjh 
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where P a is ihe atmospheric pressure and gis the accekration due to gravity. 

• The balance of liquids in a U* shaped tubę yields. 

P|h,=/>! hj 

• From PascaTs principle: 

£ = _F 
a A 

where f is the force acting on the smal) piston of area (a) and (F) is the force resulting on 
ihe large piston of the area A. 

_ F _ A 

• The mechanical advantage " J ~ ~ 

9 In order to measure the distance moved by the smali piston y ( usethe relation. 
f>'i = Fy, 
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Questions and Drills 

I) Put mark (/) to the correct statemcnt: 

1) The following factors affect the pressure at the bottom of a vessel except one. tick it: 

a) the liquid depth in the vessei, b) the density of the liquid 

c) the acceleration due to gravity, d) the atmospheric pressure. 

c) the arca of the vessel base. 

2) Which of the following factors have no effect on the height of mercury column in a 
barometer? 

a) the density of mercury b) the cross sectional area of the tubę. 

c) atmospheric pressure, d) the acceleration due to gravity. 

e) the temperaturę of mercury. 

3) If the ratio between large and smali piston diameters is 9:2. The ratio between the two 
forces on the two pistons are : 

a) 9:2 b) 2:9 c) 4:18 

d) 8i :4 e) 4:8 1 
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II) Define each of the fol lem ing : 

1. Density 2. Pressure at a point 

3. Pascal’s principle 

III) Essay ąuestions: 

1) Prove that the pressure (P) at depth (h) in a liąuid is determined from the relation. 

P«P,+/%ta 

where P, is the atmospheric pressure, p the liąuid density and g is the acceleration due to 
gravity. 

2) Describe the manometer and show how it can be used for measuring a gas pressure 
inside a Container. 

3) What is meant by Pascal’s principle ? Describe one of its applications. 


IV) Drills: 

1) The pressure on the base of a cylinder containing oil with diameter 8 m is 1.5 x IO' 1 
N/m 2 . Find the total force on the base. 


(75400 N) 
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2) A difference in pressure of 3.039 x 10' N/m" is recommended for air in a car tire. If the 
atmospheric pressure is 1.013 x 10‘ N/m" ,calculate the absolute pressure of air in the 
tire in unit of atmosphere. 

(4 Atm) 

3) A fish tank of cross-sectional area 1000 cm : contains water of weight 4000N. Find the 
pressure on its base. 

(0,4 x ] O 5 N/m 2 ) 

4) The large and smali piston diameters of a hydraulic press are 24cm and 2cm 
respectively, Calculate the force that must be applied to the smali piston to obtain a force 
of 2000 N on the large piston. Then calculate the mechanical advantage. 

(13.9 N, 144) 

5) The atmospheric pressure on the surface of a lakę is lAtm. The pressure at its bottom is 

3 Atm. Calculate the depth of the lakę (density of water 1000 kg/m\ 1 Atm = 
1.013xl0 s N/m 2 , g = 9.8 m/s 2 ). 

(20.673 m) 

6) A man carries a mercury barometer with readings 76 cm Hg and 74.15 cm Hg at the 
lower and upper floors. respectively. Calculate the average density of air between the 
two floors if mercury density is 13600 kg / m\ the building height is 200m and g = 
9.8m/s 2 . 

(1.258 kg/m 2 ) 

7) A manometer containing mercury is attached to gas enclosed in a Container. If the 
difference of height in the manometer is 25 cm. 

Calculate the pressure difference and the absolute pressure of the enclosed air in units of 
N/m 2 (lAtm = 1.013 x 10^ N/m 2 , mercury density = 13600 kg/m 2 and g=9.8 ms 2 ) 

(0.3332xl0 5 N/m 2 ,1.3462xl0 5 N/m 2 ). 
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Chapter 4 


Hydrodynamics 


Overview 

Hydrodynamics (Fluid dynamics) deals, with fluids in motion. We must distinguish 
between two types of fluid motion, steady flow and turbulent flow. 

Steady flow 

If a liąuid moves such that its adjacent layers slide with respect to each other smoothly, 
we describe the motion as a lam i nar flow or a streamline (steady) flow. In this type of 
flow, particles of the liquid fol Iow continuous paths called streamlines.Thus, we may 
visualize the liquid as if it is in a real or virtual tubę containing a fłux of streamlines 
representing the paths of the different particles of the liquid (Fig 4-1). These streamlines 
do not intersect, and the tangent at any point along the streamline determines the direction 
of the instantaneous velocity of each particie of the liquid at that point. The number of 
streamlines Crossing perpendicularly a unit area at a point (density of streamlines) 
expresses the velocity of flow of the liąuid at that point. Therefore, streamlines cram up at 
points of high velocity and keep apart at points of Iow velocity. 

Conditions of Steady Flow 

l)The ratę of flow of the liąuid is constant along its patiu sińce the liąuid is incompressible 
and the density of the liąuid is independent of distance or time. 
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2) In steady flow, the veiocity of the tiquid at each point is independent of time. 

3) The flow is irrotational, i.e., there is no vortex motion. 

4) If no forces of friction exist between the layers of the Iiquid the flow is nonviscous .If 
there is friction it is viscous, 

Turbulent flow 

If the veiocity of flow of a liąuid exceeds a certain limit, steady 
flow changes to turbulent flow, which is characterized by the 
existence of vortices (Fig 4-2), The same thing happens to gases 
as a result of diffusion from a smali space to a large space or from 
high pressure to Iow pressure (Fig 4- 3). 

Ratę of flow and the continuity equation 

We shall focus on steady flow. Consider a flow tubę such that: 

1) the liąuid fills the tubę completely. 

2) the ąuantity of the liąuid entering the tubę at one end eąuals 
the ąuantity of the liąuid emerging out from the other end 
within the same time, 

3) the velocity of the liąuid flow at any point in the tubę does 
not change with time. There is a relation that ties the ratę of 
flow of the liąuid with its velocity and cross sectional area. 

This relation is called the continuity eąuation. To 

J ^ Vortsces due to turbulent 

understand what the continuity eąuation entails, we choose 
two perpendicular planes normal to the streamlines at the two 
sections (Fig 4-4). The cross sectional area at the First piane is 
A | and the cross sectional area at the second piane is A r The vo!ume ratę of flow is the 
volume of the liąuid flowing through area A ] in unit time.We have Q v = A^, where V[ is 
the velocity of the liąuid at section A,. The mass of the liąuid (of density p) flowing in unit 
time is called the mass ratę of flow Q m ,which is given by: 


Smoke changes from steady 
to turbulent flow 



AjuSaa 
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Qm = pQ v = PAj V! 

Similarly, the mass ratę of flow through 
area A 2 is pQ v = pA 2 \ r Since the mass ratę 
of flow is constant in steady flow 


P \ v , =pA,v, 


(4-1) 


A , v r A 2 v 2 



This is the continuity eąuation leading to 


Model for deducing the continuity eąuation 


A, 


(4-2) 


From this relation, we see that the velocity of the liquid at any point in the tubę is 
inversely proportional to the cross sectional area of the tubę at that point. The liąuid flows 
slowly where the cross sectional area A ( is large and flows rapidly, when the cross sectional 
area A 2 is smali (Fig 4 - 5). To understand the continuity eąuation better, we consider a smali 
amount of liąuid Am = PAV q1 , where AV ol = Aj Ax ( ,where AXj is the distance traveled by the 
liąuid in time At. Thus, Ax ( = Vj At. Then AV o] = At. This same value must emerge from 
the other side of the tubę, sińce the liąuid is incompressibie ,i.e, AV q| = A,v 2 At. Thus, we 
must emphasize that the ratę of flow of the liąuid is a voiume ratę Q v (m 3 /s), or a mass ratę of 
flow (kg/s). Both of these rates are constant for any cross section. This is called the 
conservation of mass, which leads to the continuity eąuation. 

Ą. 




M - 


Am 


Am 


Basis for the continuity eąuation 
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Learn at Leisure 

Why does a piane fly and not fali ? 

The motion of a piane forms a region over the wings where the pressure is less than 
that below the wings. An upthrust deveiops to balance out with the weight of the piane 
(Fig 4-6). This phenomenon is called Bemoulli's Effect. 



a) A piane llies and does not fali 


b) A region of rarefaction forms 
above the plane's wing 



c) The force due to the difference in 
pressure pushes the piane up 



How a piane flies 
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Solution 

The aorta cross section is given by 

A, = n r 2 = Jt (0,007) 2 m 2 

The collective cross section for 30 main arterie s is given by 
A, = itr; x30 

- jt (0.0035)" x 30 m 2 

Vl =A 2 V 2 

jt (0,007) 2 (0.33) = n (0.0035) : (30) v, 

4x0.33 

v, =- =0.044 m/s 

30 

Thus, the velocity of the biood in the main arteries is 0.044 m/s. Conseąuently, the 
blood velocity in capillaries is much smaller, which gives time for the tissues to exchange 
oxygen and carbon dioxide as well as nutrients and excretion products. Divine wonder is 
countless. 


Viscosity 

We observe viscosity as follows: 


1) We hang two funneis each on a stand and put a beaker under each. We pour alcohol in 
one funnel and a similar volume of glycerine in the other, and observe the velocity of 
flow of each. We notice that the flow velocity of alcohol is higher than that of 

glycerine. 

2) Take two similar beakers, one containing a certain volume of water and the other an 
equal volume of honey .Stir the liquid in both beakers with a glass rod .Which of the two 

iiquids is easier to stir ? Then. we remove the rod .We notice that: 
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a) Water is easier to stir, which means that water resistance to the glass rod is less than 
the resistance of honey. 

b) The motion in honey stops almost immediately after we remove the rod, while it 
continues for a little while longer in water. 

3} We take two long similar measuring cylinders and fili them to the end, one with water and 
the other with glycerine. Then, take two similar steal balls and drop one in each liquid, and 
record the time each bali takes in each liąuid to hit the bottom. We observe that the time in 
water is less, Thus, the glycerine resistance to the bali motion is greater. 

We, thus, conclude 

1) Some liquids such as water and alcohol offer little resistance to the motion of a body in 
them, and are easy to flow. We say they have Iow viscosity 

2) Other liquids such as honey and glycerine are not as easy to move through ,i.e.,they 
offer high resistance to body motion, and are said to have high viscosity. 

To interpret viscosity, imagine layers of liąuid trapped between two parał lei plates, one 

stationary and the other moving with velocity v (Fig 4-7). The liquid layer next to the 
stationary piąte is stationary, while the layer next to the moving piąte is moving at v. The layers 
in between move at velocities varying from o to v. The reason for this is as follow: 




(b) 


(a) 

Force acting on the upper layer of a liquid 


Layers of a liąuid slide with 
respect to each other 



Friction between layers of a liąuid 
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a) Friction forces exist between the lower piąte and the iiquid layer in contact with it. This 
force is due to the adhesive forces between the molecules of the solid surface and the 
contacting liquid molecules. This leads to zero velocity of the layer in contact with the 
stationary piąte. Similarly, the upper layer moves at the same velocity of the upper piąte. 

b) The existence of another friction (shear) force between each liąuid layer and the adjacent 
one, which resists the sliding of the liquid layers with respect to each other. This 
produces a relative change in velocity between any two adjacent layers. Thus, viscosity 
is the property responsible for resiSting the relative motion of liquid layers .This type of 
flow is called nonturblent viscous laminar flow (or viscous steady flow), sińce no 

vortices occur. 

Coefficient of Viscosity 

Referring to Fig (4 - 6), we find that for the moving piąte to maintains its constant 

velocity, a force F must exist. This force is directly proportional to both velocity and area 

of the moving piąte A, and inversely proportional to the distance between the plates d. 

Av 


( 4 - 3 ) 


where ff vs (Eta) is a constant of proportionality called visco$ity coefficient, given by 



>L- 


Fd 


vs Av Av/d 


( 4 - 4 ) 


The coefficient of viscosity (Ns/ir^ or kg/m s) may be defined as: 

the tangential force acting on unit area, resulting in unit velocity difference between 
two layers, separated by unit distance apart. 
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Applications of Viscosity 

1-Lubrication: 

Metali ic parts in machines have to be lubricated from time to time. This process leads to; 

a) reduction of heat generated by friction. 

b) protecting machinę parts from corrosion (wear). 

Lubrication is carried out using highly vi$cous liquids. If we use water (Iow vi$cosity), 
it will soon seep away or sputter from the machinę parts due its Iow adhesive forces, 
Therefore, we must use liquids with high adhesive (high viscosity), so they remain in 


contact with the moving machinę parts. 

2- Moving vehicles 

When a car attains its maximum speed, the total work done by the machinę which is 
supplied by the bumt fuel, acts most of the time against air resistance and the forces of 
friction between the tires and the road. At relatively Iow and medium velocities, air 
resistance to moving bodies resulting from air viscosity is directly proportional to the 
velocity of the moving body. When the velocity exceeds a certain limit, then the air 
resistance is proportional to the square ve!ocity rather than the velocity,leading to a 
noticeable increase in fuel consumption. Therefore, it is advisable not to exceed such a 
limit (80 - 90 km/h) 

3- ln medicine: 

Blood precipitation ratę : when a bali undergoes a free fali in a liquid, it is under three 
forces: its weight, buoyancy of the łiquid and friction between the bali and the liąuid due to 

viscosity. It is found that such a bali attains a finał velocity which increase with its radius. 

This is applied in medicine by taking a blood sample and measuring its precipitation ratę. The 
doctor may then decide if the size of red blood ceils is normal or not. In the case of rheumatic 
fever and gout, red blood cells adhere together, and therefore, their volume and radius increase 
and the sedimentation (precipitation) ratę increases. In the case of anemia, the precipitation ratę 
is belo w normal, sińce the red cells break up. Hence, their volume and radius decrease. 
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Mechanics Chapter4: Hydrodynamics 


In a Nustshell 


Definitions and Basic Concepts: 

• A fluid is a substance thal can flow and docs not take a definite form. 

• A steady flow in a tubę requircs: 

a) the liquid fills ihe tubę completely. 

b) the quantity of liąuid entcring the tubę at one end is equal (o the quamity of Iiqu!d 
emerging at the otherend in the same time. 

• Viseosity is the property where resistance (or friction) exists between the layers of the 
liquid hindcring the easy sliding of these layers. 

• Coefficient of viscosity (kgm^s 1 ) is the tangential force acting on unit area resulting in 
unit difference of ve!ocity between two layers separted by unit distance aparl. 

Basic laws: 

• The vo!ume ratę of a liquid flowing with velocity v across area A in unit time is Q v = Av 

• The mass ratę of flow is Q m =P Q v 

• The continuity equaiion is A, v ( = a, v ; 

• The coefficient of viscosity for a fluid is given by: 


Fd 



where F is the tangential force between two layers of a liquid, A is the area of the 
moving layer, v is the velocity of the moving layer and d is the distance between the 
moving and stationary layers. 
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I) Define 

1) fluid 2) viscosity 3) coefficient of viscosity 

II) Essay ąuestions 

1) Prove that the velocity of a liquid at any point in a tubę is inversely proportional to the 
cross sectional area of the tubę at that point. 

2) Explain the property of viscosity. 

3) Illustrate some applications of viscosity. 

Ili) Drills 

1- Water flows in a horizontal hose at a ratę of 0.002 m3/s, calculate the velocity of the 

water in a pipę of cross sectional area Icm 2 . (20 m/s) 

2- Water flows in a rubber hose of diameter 1.2 cm with velocity 3 m/s. Calculate the 
diameter of the hose if the veloeity of the emerging water is 27 m/s. (0.4cm) 

3- A main artery of radius 0.035 cm branches out to 80 capillaries of radius 0.1 mm. If the 

velocity of blood through the artery is 0.044 m/s ,what is the velocity of blood in each 
of the capillaries? (0.0067 m/s) 

4- The cross sectional area of a tubę at point A is 10 cm 2 and at point B is 2cm 2 . If the 

velocity of water at A is 12 m/s, what is the velocity at B ? (60 m/s) 

5- The cross sectional area of a water pipę at the ground floor is 4x 10 4 m 2 . The 
velocity of the water is 2 m/s. When the pipę tapers to a cross sectional area of 2 x 
10 4 m 2 at the end, calculate the velocity of the flow of water at the upper floor. 

(4m/s) 
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The Gas Laws 


Overview 

It can be shown that gas molecules are in continuous random motion called Brownian 
motion as follows: 

If we examine candle smoke through the microscope,we notice that the smoke 
particles move randomly. The motion of the carbon particles is called Brownian motion, 
after Brown, an English botanist who discovered for the first time in 1827 that tiny pollen 
grains suspended in water moved randomly. 


Chapter (5) 



a. gas molecules undergo a h. Iiquid molecules undergo a c, solid molecules undergo a 
random translational motion translational and yibrational vibrational motion 

motion 


GI3D 


Motion of molecules materials 


Interpretation of Brownian motion 

Air (gas) molecules move in a haphazard (random) motion in all directions with 
different velocities. During their motion, they collide with each other and coliide with 
smoke particles. Due to the resultant force on a smoke particie, it will move in a certain 



direction through a short distance and so on, always moving, colliding, and changing 
direction. The reason for this is that the gas molecules are in a free motion (due to heat) 
and in constant collision, so they change their direction randomly (Fig 5-1). 














It can be concluded that: 

- Gas molecules are in a stale of continuous random motion. 

- In their motion, they collide with each other and collide with the walls of the Container 

- The distance between the molecules is called intermolecular distance (morę or less 
constant for different gases at the same conditions). 



ammoma gas 
(NH 3 ) 


paper 


Hydrogen 
chloride gas 

(HCI) 


diff usion of a 
white cloud of 
ammonium 
chloride 


remove the 
paper 


g (5-2; 


I 



A cloud of 
Ammonium 
chloride 
diffuses to fili 
the two 
cylinders 

(NH 4 C1) 


Presence of gas intermolecufor distances 


The evidence of the existence of intermolecular distances can be shown as follows: 

When a graduated cylinder filled with ammonia gas is placed upside down on another 
cylinder filled with hydrogen chloride gas (Fig 5-2), a white cloud of ammonium chloride is 
formed, then it grows and diffuses until it occupies all the space within the two cylinders. 

This can be explained as follows. Hydrogen chloride gas molecules - in spite of their 
higher density - diffuse upwards, through spaces separating ammonia gas molecules, where 
they combine together forming ammonium chloride molecules, which diffuse to fili the 
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Heat Chapter 5: Gas Laws 


upper cylinder. Also, ammonia gas molecules - in spite of their lower density - diffuse 
downwards through spaces separating hydrogen chloride gas molecules, where they 
combine forming ammonium chloride molecules, which diffuse to fili the lower cylinder. 
M Accordingly, we can conclude that there are iarge spacings separating the gas molecules, 
known as intermolecular spacings. This is to be tied to the compressibility of gases. These 
large intermolecular spacings allow gas molecules to get packed together when pressed, 
Thus, a voiume occupied by a gas decreases with increased pressure. 

Gas Laws 

Experiments performed to evaluate the thermal expansion of a gas are complicated. The 
volume of a gas is affected by changes in pressure as well as by temperaturę. This 
difficulty does not arise in the case of solids or liquids, as these are very much less 
compressible. 

In order to make a fuli study of the behavior of a gas, as regards volume, temperaturę and 
pressure, three separate experiments have to be carried out to investigate the effect of each 
pair, respectively, i.e., we study the relation between two variable$ only, keeping the third 
constant.These experiments are 

1- The relation between the volume and pressure at constant temperaturę (Boyle ! s law). 

2- The relation between the volume and temperaturę at constant pressure (Charle’s law). 

3- The relation between the pressure and temperaturę at constant volume (Pessure law or 
Jolly ’ s law). 

We are going to study each of these three relations, 



2017 - 2018 










Firstly: the relation between the volume and pressure of a gas at 
constant temperaturę (Boyle’s law): 

To study the relation between the volume of a fixed mass of gas and its pressure at 
constant temperaturę, the apparatus shown in Fig (5- 3) is used. It consists of a burette (A) 
connected by a length of rubber tubę to a giass reservoir (B) containing a suitable amount 
of mercury. (A) and (B) are mounted side by side onto a vertical stand attached to a base 
provided by three screws with which the stand is adjusted vertically. The reservoir (B) is 
movable along the stand either upwards or downwards and can be fixed at any desired 
position. 

Procedurę: 

1- The tap (A) is opened and the reservoir (B) is 
raised until the mercury ievel in burette A is 
about half fuli, taking into account that the 
mercury levels are the same in both sides. 

(Fig5-3a). 

2- The tap (A) is then closed. The volume of the 
enclosed air is measured, let it be (V 0 |),. Its 
pressure is also measured, let it be P,, which 
eąuals the atmospheric pressure P a (cmHg) 
which may be determined using a 
barometer. 

3- The reservoir (B) is then raised a few 
centimetres and the volume of the enclosed 
air is measured (V ol ) 2 . The difference 
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between the Iwo levels of mercury in both sides (h) is determined . In this case, the 
pressure of the enclosed air (cmHg) is P = P + h (Fig 5 - 3 b). 

4 - Repeat the previous step by raising the reservoir (B) another suitable di stance and 
measure (V oi ) 3 and P in the same manner. 

5- The reservoir (B) is then lowered until the mercury ievel in (B) becomes Iower than its 
level in (A) by a few centimeters. Then, the vo!ume of the enclosed air is measured 
(V o] ) 4 and its pressure (P^) is determined - h, where h is the difference between 
the two levels of mercury in both sides (Fig 5-3c). 

6- The previous step is repeated once morę by Iowering (B) another suitable distance. Then 
(V 0 j) 5 and P^ are measured in the same manner. 

7- Plot the volume of the enclosed air (V ol ) and the reciprocal pressure ( ~ ).We obtain 
a straight iine (Fig 5-4) Thus, we can conclude that: 

1 

v ol a J 

,i.e.,the volume of a fixed mass of gas is inversely 

proportional to the pressure, provided that the V 0 | 

temperaturę remains constant. This is "Boyle’s law". 

Boyle’s law can be written in another form, as: 
const 


Vd- 


PV ol = Const. 


(5-1) 


i.e., is : at a constant temperaturę, the product 
PV ol of any given mass of a gas is constant. 



Relation between vo!ume and 
reciprocal pressure of gas 
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The effect of temperaturę on the volume of a gas at constant pressure: 


We have already known that gases contract by cooling and expand by heating. But, does 

the same volume of different gases at constant pressure expand by the same amount? 

To show this, let us do the following experiment: 

1- Take two flasks of exactly eąual volume, each fitted with a cork through which a tubę 
bent 90° is inserted. In each tubę, there is a 
thread of mercury of length 2 or 3 cm. Fili one of 
the flasks with oxygen and the other with carbon 
dioxide or air. Submerge the two flasks in a 
vessel filled with water as shown in Fig (5-5). 

2- Pour hot water into the vessel and notice the 
di stance moved by the mercury thread in both 
tubes. You will find that these distances are 
equal. This indicates that equal volumes of 
different gases expand equally when heated through the same temperaturę rise . In 
other words, they have the same volume expansion coefficient. 

Volume expansion coefficient of a gas at constant pressure ety is defmed as; 

"It is the increase in vo!ume at constant pressure per unit voIume at 0°C for 1“C 
rise in temperaturę 


n fi 


CO. 


0 . 


Effect of temperaturę on the volume 
of a gas at constant pressure 
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Secondly: the relation between the gas volume and its temperaturę at 
constant pressure (Charles law): 


To investigate the relation between the gas 
volume and its temperaturę at constant pressure, 
the apparatus shown in Fig{5 - 6a) is used. It 
consists of a capillary glass tubę 30 cm long and 
about 1 mm diameter with one end closed. The 
tubę contains a short pellet of mercury enclosing 
an amount of air inside it whose length is 
measured by a ruler stand. The apparatus is 
equipped with a thermometer inside a glass 
envelope. We follow the folowing procedurę: 

1- The glass envelope is packed with crushed ice 
and water. It is then left until the air inside the 
glass tubę has fully acąuired the temperaturę of melting ice(0°C). 

2- The length of the enclosed air is then measured, and sińce the tubę has a uniform 
cross-section, the length of the enclosed air is taken as being proportional to its volume 

(V„,Vc 

3- The ice and water are removed from the envelope and steam is passed through the top 
and out at the bottom for several minutes to be surę that the temperaturę of air becomes 
100T . Then, the length of the enclosed air is measured. It is taken as a measure of its 

volume (V.) 

01 ioo°c 

4- A relation between V oI and t°C is plotted (Fig 5-6b). We see that such a relation is a 
straight line,which if extended will intersect the abscissa at -273°C. 


steam inlet 


II 


pellet of 
mercury 


capillary 

tubę 


glass 

envelope 


Cork 


steam outlet 


Charle’s apparatus 
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tc 



5- The vo!ume coefficient of air at constam prcssure ct, is then determined using thc 
relation. 


a v =- 


( V olWc-^cjVc 


(V d VcX (100*0 


(5-2) 


The value of obtained experimentally is 1/273 per unit degree rise in temperaturę 
degree Kelvin. 

Since equa) voIumes of different gases expand equally at constant prcssure, the volume 
coefficient of expan$ion of all gases have the same va!ue. 

This result was formulated by Charle as follows: 


Charle's law: 

‘The volume of a given mass of gas^cept at constant pressure,expands by 273 of 
its value at 0‘C per each degree rise in temperatureThis value is the same for all 
gases"’. 

Notę: 1 degree rise in Kelvin = 1 degree rise in Cełsius, (why?). 



4Jim ' 


2017 - 2018 



Heaf Chapter 5: Gas 


















Unit 3: Heat Chapter 5: Gas Laws 


The effect oł temperaturę on the pressure of a gas at constant volume: 


I- To irwestigate how the pressure of a gas depends on temperaturę, the apparatus shown 
(Fig 5-7a) may be used. The gas under test is confined in a fiask by mercury in a U 
tubę. The fiask is fitted with a cork. The surfaces of mercury in the two branches (A) 
and (B) have the same level at x,y. Thus, the pressure of the enclosed air is 
atmospheric. We then determine the temperaturę of air. Let it be tfC. 



I 

ł 



Effect of the temperaturę on the 
pressure of a gas at constant voiume 


2- Submerge the fiask in a vessel containing lukewarm water at t 2 °C. You will notice that 
the level of mercury decreases in branch A, while it rises in branch B (Fig 5-7b). 

3- We pour mercury in the funnel C, until the level of mercury in branch A retums to the 
mark x then the volume of the enclosed air in the fiask at t/C is equal to the volume 
at t,"C (Fig 5-7c). 

4- We notice that the surface of mercury in branch B exceeds that in branch A by an 
amount” h” (cm). This means that the pressure of the enclosed air has increased as a result 
of the temperaturę rise from t, °C to t 7 °C by an amount equal h (cmHg)( Fig 5-7c). 



2017 - 2018 
















































5- Repeating this experiment several times for different gases and measuring the amount of 
increase of gas pressure at constant volume for the same rise in temperaturę, we find: 

a- At constant volume, the pressure of a given mass of gas increases by increasing 
temperaturę. 

b- At constant voiume, equal pressures of gases increase eąually, when heated through 
the same rangę of temperatures.We define the pressure expansion coefficient of a gas 
at constant voiume (|łp) as: 

“It is the increase in gas pressure at constant volume per unit pressure at (TC for 
cm degree rise in temperaturę”. It is found to be the same for all gases. 



Thirdly: the relation between the pressure and temperaturę of a gas at 
constant volume (pressure faw): 


It was found experimentally that the increase 
in gas pressure is directly proportional to the 
initia! pressure at 0°C (Po° c ) as well as to the 
rise in its temperaturę, (At°C). This is expressed 
as follows: 

AP oc Pq" c A (t°C) 


AP = ppPo o c A(t°C) 



(5-3) 



where pp is a constant value. It is the pressure 
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expansion cofficient of a gas with temperaturę, at constant volume.lt is the same for all 
gases. 

To measure p p of a gas at constant volume, Jolly’s apparatus shown in Fig (5-8) is used. 

It consists of a glass bulb (A). The bulb is joined to a capi 1 lary tubę (B) bent in the form of 

two right angles. The bulb and the tubę are mounted on a vertical ruler attached to a board 

which is fixed on a horizontal base provided with 3 leveling screws. 

The capillary tubę (B) is connected to a mercury reservoir (C) by means of a rubber 

tubę. 

We follow the following procedures: 

1- Determine the atmospheric pressure (P a ) using a barometer. 

2- Pour mercury in (A) to 1/7 of its volume to compensate for the increase in its volume 
when heated, so that the volume of the remaining part is still constant, (the volume 
expansion coefficient of mercury is seven times the volume expansion coefficient of 
glass). 

3- Submerge reservoir (A) in a beaker filled with water and pour mercury in the free end 
(C), until it rises in the other branch to mark (X). 

4- Heat water in the vessel to the boiling point and wait until the temperaturę settles, and 
the mercury leve! in the branch connected to the reservoir stops decreasing. 

5- Move the free end (C) upwards until the the mercury level in the other branch rises to 
the same mark X. Thcn, measure the diffcrence in hcight between the mercury lcvels in 
the two branches (h). From this, determine the pressure of the enclosed air P, which is 

equal to the atmospheric pressure (cm Hg) plus h, i.e„ P=P a +h 

6- Move the branch (C) downwards and stop heating. Then let the reservoir cool down to 
nearly 90°C. Then move the branch (C) upwards until the mercury Ievel in the branch 
connected to the reservoir rises to mark X. 
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Then determine the temperature and the difference in height between the mercury !evels 
in both branches. From this we calculale the pressure of the enclosed air in this case. 

7* Repeat at different temperatures and determine the pressure of the enclosed gas in each 
case. 


8- Plot the relation between pressure (vertical axis) and temperture (horizontal axis).We 
flnd that the relation is a straight linę. 

We calculate the pressure coefficienl of a gas at constant volume from the equation: 


P = 


P - P 

r IOOV r 0‘C 


P 0 . C X 100t (5_4) 


The value of j}p obtained experimenlally is per unit degree rise in temperature. 
Moreover, the same resull is obtained for all gases. 

From the results above, we conclude that: 

At consant voluine, the pressure of a gjven mass of any gas changes by of its 
value at 0°C for every degree change of temperature. 


The absolute zero (zero kelvin) 

Using the apparatus shown in Fig(5-7) to measurc the volume of the enclosed air at different 
temperatures, the result may be plotted as a graph relating temperature (t°C) (horizontal axis) 
and volume (vertical axis). We find it to be a straight linę. When extended to intersect the 
the horizontal axis, we find that the point of interscction is at - 273’C (Fig 5 - 9). 

We can plot the results obtained using Jo!Iy’s apparatus. The graph obtained shows a 
relation between the temperature (t*C) and pressure. It will be as shown in Fig.{5-10). 
Extrapolating baekwards the straight linę, it cuts the temperature axis at (*273’C). This 
suggest that -273’C is the Iowest temperature attainable theoretically or the absolute zero, 
i.e. .zero Kelvin. We may, thus, define the absolute zero as: 
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Zero Kehrin from Charie’s law 


II is the temperaturę at which the vo!ume and the pressure of an ideał gas disappear. The 
mperature on the Kelvin scalę has a positm value only, while the Celsius scalę 
wgcs between positive and negative values. 



Zero Ketvin from pressure law 
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Learn at Leisure 

The absolute m® 

(The Kehin scalę) 

We can replol Figs.(5-9,5*10) such that thc abcissa is absolute temperaturę. We obtain 
Figs.(5-11 ,5-12). At absolute zero. V„| = 0 and P = 0. In fact, with extreme cooling, the 
materia] is no longer gaseous, but trcmsforms to Iiquid or often solid, Hence, ii does not 
obey the gas laws, We may denne thc ideał gas as that gas whosc vo!umc and pressure 
vanish at absolute zero. It is to be noted that we have neglccted in deriving the gas iaws the 
forces of attraction among the molecules and the size of the molecules with respect to the size of the 
Container, This is called the perfcct gas condition. 




Relation between volume and Relation between pressure and 

temperaturę at constant pressure temperaturo at constant volume 


To find the relation between the Cclsius and Kelvin scates, we notę. 


0’K corresponds to (- 273'C) 

0'C corresponds to (273‘K) 

100“C corresponds to (373*K) 
In generał, 


T(*K) = 273 + t(*C) 


(5-5) 
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Other Forms of Charle’s and Jolly’s (pressure) laws: 

1- Refering to (Fig 5-9), 

we notę that the triangles ABC and ADE are similar. Therefore: 
BC = (Vol) I 
DE = (Vol) 2 
AC = T] 

ae=t 2 

V T 

V., 

—21 =const, 

T 


(Vq|)| (Vq|)2 

T, ~ T 2 


(5-6) 


Thus, at constant pressure, the volume of a fixed mass of gas is directly proportional to 
its temperaturę on the Kelvin scalę. This is another formulation of Charle’s law. 

2- Using Fig.(5-10), the following relation can be obtained in a similar way: 


That is 


p, 

. P 2 

T 

T 

3 

2 

P 

= const 

T 


or 

Poc T 


(5-7) 


Thus, at constant volume, the pressure of a fixed mass of gas is directly proportional to 
its temperaturę on the Kelvin scalę. This is another form of pressure (Jolly’s) law. 
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General gas law: 


We have seen that tbe gas behavior can be described by three variables. namely. volume, 
pressure and temperaturę. The equalion relating these three variables together is the generał 
gas law. 


From Boyle’s law 

Therefore : 
Therefore: 


v„l * 


V„|« I 


From Charie* law: 
From which 


Vo, IT 


V 0 | = consu — 

P 



PV 


ol_ 


const 


P|(Vq|)i _ vjm 


(5-8) 


This is the generał gas ław. which satisHes as well Jolly’s law. 


Go Further 



For morę knowledge about this topie you 
can refer to the Egyptian Knowledge Bank 
(EKB) through the opposite links 


Examples : 

I- The volume of a gas at 0“C is 450 cm 3 . Find its volume at 9 TC. assuming that pressure 
is constant. 

Solution: (Vol)| _ Ii 

Tj 

450 273 


(V 0 ,) 3 " 273 + 91 

450 x 364 , 

V ° ! 2 = 273 = 600 Cm 

2- Half a liter of hydrogen is healed from I0'C to 293'C. Find its vo!ume assuming that the 
pressure is constant. 
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Solution: 


(Vqi)> T, 

(V 0 [h Ti 

500 273 + 10 


< v oi): 273 + 293 

liter 

1 283 


3- The pressure of a gas at 26C is 59.8 cmHg, Find its pressure at 130*C, assuming that 
the volume is constant. 


Solution: 


P> T, 

59.8 273 + 26 


P, 273+130 

*- 

„ 59.8 x 403 on , „ 

P, --= 80.6 cmHg 

! 299 6 


4- The volume of a gas at 27°C under a pressure of 60 cm Hg is 380 cm\ Fmd its volume 
al normal temperaturę and pressure (S.T.P). 

Solution: 

Normal (or standard) pressure and temperaturę means at 0'C(or 273°K) and under a 
pressure of 76 cm Hg. p,^), _ P,(V 0 ,), 


ł l 1 2 

60 X 380 76xlV d ) 2 




300 273 

60 X 380 X 273 


76 X 300 


= 273 cm J 
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5- The vo!ume of a vessel conlaining nitrogen gas is 15 liters under a pressure of 12 cm Hg. 
The volume of anolher vesscl conlaining oxygen gas is 10 liters under a pressure of 50 
cm Hg. The iwo gases are mixed in anolher vessel of vo!ume 5 liters. Find the pressure 
of the mixture if the temperaturę of the iwo gases and the mixture is kept constant. 

Solution: 

Every gas after mixing occupies a volume of 5 liters. To find the pressure of the nitrogen 
gas we use the cquation: 

PV 0 i = P,(V o! ) l 
!2 x 15 = Pj x 5 
? = 36 cmHg 

To find the pressure of oxygen gas we use the equation: 

P 2 

Since the pressure of the mixture 
P = P, + 


PV„, = P : {V ol ) ; 


equals the sum of the pressures of each gas, hence. 
P : = 36 + 100 = 136 cm Hg 
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Hj (n a Nutshell 

U9 1* Definitions and Basic Concepts: 

• Gas mołecules are in conti nuous random motion and collide with each other and with ihe 

KOI walls of the Container. 

• There are spaces between gas mołecules called intermolecular distances. 

• Boyle’s law: At constam temperaturę, the volume of a fixed mass of a gas is inversely 
proportional to its pressure. 

• Charles’s law: At constam pressure, the volume of a given mass of a gas expands by 

b r J 

of its volume at 0“C per each degree rise in temperaturę. Altematively, at constant 

pressure, the volume of a givcn mass of gas is directly proportional to its temperaturę on 
the Kelvin scalę. 

• Pressure law : At constam volume the pressure of a given mass of gas rises by 

— of its initia! pressure at 0*C per each degree rise in temperature. Altematively, at 

constant volume, the pressure of a given mass of gas is directly proportional to its 
temperature on the Kelvin scalę. 

• Pessure coefficiem of all gases at constant volume = volume coefficient of expansion at 
constant pressure for all gases = 0.003663. 

• Absolute temperature (Kelvin scalę) = 273+t*C. 

2* Basic laws: 

If V o) is the volume of a given mass of a gas, P its pressure and T its temperature on the 
KeWin scalę: 

• Boyle’s law: PV Q j=const (at constant temperature) 
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• Charie’slaw ^il 1 = const (at constant pressure), 

T 

p 

• Pressure law: -• = consl. (at constant volume). 

• (General law of aases:) P|^oi)| = ^^2 

T i T : 

, u PV 0 , 

• It means ihat —- - const 

T 


• Volume eupansion coeffieint of a gas at constant pressure per unit degree rise in 
temperatura isgivenby: 



^olVc"^otVc 
(V o ]) 0 'c x < m 

• Pressure coefficienl of a gas at constant volume per unit degree rise in temperaturę P p is 


given by: 



P rc - P oc 
P(rc x 


1 

273 


a Jim 
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Ouestions and Drilis 

I) Complete (Fili in the spaces): 

Which phrase (a-e) completes each of the next following statements (1-3)? 

a) increases by a smali value. 

b) decreases by a smali value. 

c) remains constant. 

d) doubles. 

e) dereases to its half value, 

1- If the pressure of a gas is doubled at constant temperaturę. So its volume. 

2- If a barometer is transferred to the top of a mountain above the sea level, the length 

of mercury in the barometer. 

3- If the absolute temperaturę of a gas is decreased to be half its original value at 

constant pressure, so its volume.. 

II) Choose the correct answer: 

1- The increase of the temperaturę of a car’s tire during motion leads to: 

1) an increase in air pressure inside the tire. 

2) an increase of air volume inside the tire. 

3) a decrease of the contact area of the tire with the road. 

Choose the correct letter (a-e) 

a) (1,2,3) are correct. 

b) (1,2) only are correct. 

c) (1,3) only are correct. 

d) 3 only is correct. 

e) 1 only is correct 












2- The temperaturę of a normal human body on the Kelvin scalę is about: 

a) 0°K b) 37°K c) 100°K 

d) 373°K e)3I0°K 

3- The volume of a given mass of a gas is: 

a) inversely proportional to its temperaturę at constant pressure. 

b) inversely proportional to its pressure at constant temperaturę. 

c) directly proportional to its pressure at constant temperaturę. 

d) directly proportional to its temperaturę at variable pressure. 

e) inversely proportional to its pressure at variable temperaturę. 

4- The pressure of a gas at 10°C is doubled if it is heated at constant volume to: 

a) 20“C b) 80°C c) 160T 

d) 293°C e)410°C. 

5- lf we press a gas slowly to half of its original volume: 

a) its temperaturę is doubled. 

b) its temperaturę is decreased to half its value, 

c) its pressure will be half of its original value. 

d) the velocity of its molecules is doubled. 

e) the pressure of the gas is doubled. 



III) Eassy questions 

1- How can you show experimentally that the volume coefficient of expansion at 
constant pressure is the same for all gases? 

2- Describe an experiment to find the pressure coefficient of a gas at constant volume 
and that it is the same for all gases. 

3- How can you verify Boyle’s law experimentally? 

4- How can you show that pressure of a gas increases by raising temperaturę at constant 
Yolume? 




2017 - 2018 



Heaf Chapter 5: Gas Laws 







Heat Chapter 5: Gas Laws 


5- How can you determine experi men taiły the absolute zero? 

6- Explain the meaning of zero Kelvin and the absolute temperaturę scalę, 

7- Deduce the generał gas law. 

H V) Drills: 

1- The temperaturę of one liter of gas is raised from I0°C to 293’C at constant pressure, 

find its volume, (2 liters) 

2- A Container containing air at 0°C is cooled to (-9 TC). Its pressure becomes 40 cm 

Hg. Find the pressure of the gas at 0°C. (60 cm 

Hg.) 

3- The volume of a quantity of oxygen at 91 °C under 84 cm Hg is 760 cm 3 (S.T.P). Find 

its volume at 0“C under a pressure of 76 cm.Hg. (630 cm 3 ) 

4- A fiask containing air is heated from 15°C to 87°C. Find the ratio between the volume 

of air that goes out from it to its original volume. (25%) 

5- A tire contains air under pressure 1.5 Atm at temperaturę (-3“C). Find the pressure of 

air inside the tire if the temperaturę is raised to 5I°C, assuming that the volume is 
constant. (1.8 Atm) 

6- An air bubble has a vo!ume of 28cm 3 at a depth of 10.13 m beneath the water surface. 
Find its volume before reaching the surface of the water, assuming that the 
temperaturę at a depth of 10.13 m, is 7°C and that at the surface is 27°C. 

(Letg= 10ms' 2 , P a = 1.013x 10 5 N/m 2 ,/) = 1000kg/m 3 ) (60cm 3 ) 
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